As a response to the inability of both governmental and non-governmental organizations to provide vital information during the floods of 1987 and 1988 in Bangladesh, a nutrition surveillance system (the NSP) was established in April 7990. This is a collaborative effort that involves international and indigenous non-governmental organizations and the government of Bangladesh, and is coordinated by Helen Keller International and funded by the US Agency for International Development. During the past three years the NSP has demonstrated an ability to provide regular and dependable information on the prevalence of undernutrition and morbidity in children under five years of age, household socioeconomic characteristics, food prices, and the extent of distress at household and community levels from data collected every two months by NGOs and the government in selected rural districts and urban slums in all regions of the country.
Introduction
In 1987 Bangladesh experienced one of the worst and longest floods in its history. The flood covered 36% of the country and caused widespread damage that was only partially repaired by mid-1988. In 1988 an even more severe flood affected 61 of 64 districts, covered 84% of the national territory, and directly affected 45 million people.
Bangladesh is one of the poorest countries in the world, and as a consequence morbidity and mortality are extremely high, especially among young children and mothers [1] [2] [3] . Frequent floods, droughts, and cyclones invariably result in a deterioration of the already poor health of its people through exposure to contaminated water, crowded and poor sanitary conditions, and, above all, decreased access to food due to crop and employment losses [4] .
The nutrition status of young children is a very sensitive indicator of changes in food supply and health conditions. It also is a reliable predictor of child mortality [5] . Monitoring children's nutrition status in sentinel sites is thus a potentially valuable tool to anticipate, assess, plan, and coordinate the response to continuing and unforeseen crises related to floods and other natural disasters [6] [7] [8] .
After the floods of 1988 there was lack of appropriate, timely information on health and nutrition status for effective allocation of relief programmes. To meet this need, UNICEF set up a temporary post-flood monitoring system of child nutrition status with the assistance of the United States Agency for International Development (USAID), the US Centers for Disease Control, and the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B). They based their analysis on data collected by non-governmental organizations (NGOs) with nutrition-monitoring activities. The analyses were used to attract disaster assistance and to target limited food-aid resources to areas of greatest need. The data-collection procedures hastily set up during the 1988 emergency were unstandardized and lacked quality control. Although the data were adequate for the time, it was recognized that a more refined system was needed for the future.
The nutrition surveillance project (NSP) began in October 1989 with the intention of establishing a permanent system for monitoring nutrition and health status. The project was initiated by Helen Keller International (HKI) in collaboration with a number of NGOs, the Bangladesh Institute of Public Health and Nutrition, and UNICEF; it receives financial and technical support from USAID and is coordinated by HKI. The overall goal of the project is to create an interactive mechanism for planning, monitoring, and evaluating multisectoral development and relief activities to increase their effectiveness.
Data are collected every two months by ten NGOs and the Bangladesh government from 26 sentinel points, corresponding to 20 subdistricts and 4 urban slums. In each round of data collection, 5,000-6,000 households are randomly selected, and anthropometric measurements are taken from 7,000-9,000 children between the ages of 6 and 59 months. Since the first round, in April 1990, 24 rounds of data have been collected and over 30 reports circulated for wide dissemination.
Methodology

Sampling procedure
Although the first six rural sentinel points wore chosen on the basis of their levels of disaster proneness, subsequent subdistricts were chosen on the basis of representation of the five regions of the country: north-west, north central, south-west, south-east, and north-east.
Two different sampling designs are used-one for urban and one for rural sites. In both designs, a total of 400-500 children are measured within each area (subdistrict) selected, making it possible to compare results among sites at the same time and to evaluate the changes in health status over time.
For urban slum areas, where the populations are considered to be homogeneous, a systematic cluster sampling technique is adopted. Data are collected only from slum areas where NGOs implement programmes. At the beginning of each round of data collection, a household is selected randomly from a list of all households maintained by the NGO, and all children between the ages of 6 and 59 months in that household are measured. The team then moves to the next household and continues systematically until the required number of children are measured.
For rural areas, a multi-stage random cluster design is used for the sample selection. In each targeted subdistrict, half of the unions (the next lowest administrative level) are selected randomly. Then, from a list of all villages in the selected unions, 25 are identified. Within each of these villages, 20 children are selected systematically after a random start. On each field visit, the team selects a household from a list maintained by the expanded programme of immunization and visits that household. As in the urban areas, all children within the first household are measured, and then the team visits the nearest household and repeats the procedure until the required number of children from the particular village are measured. Thus, for each subdistrict, 20 children are measured in each of 25 villages (clusters), for a total of approximately 500 children.
Data collection
Each NGO team is responsible for collecting data in two geographical areas (either rural sentinel points or urban slum areas) where they are currently working. There, the teams measure all children between the ages of 6 and 59 months within selected households every two months. Data are collected on four aspects relevant to disaster preparedness and the prevention of nutrition-related blindness, including nutrition status, health status, socioeconomic status, and distress factors.
Nutrition status
The assessment of the nutrition status of children 659 months old is an important tool for estimating the degree of distress within a community. Anthropometry is a sensitive indicator of the availability of food and is also a predictor of childhood mortality [6, [9] [10] [11] . Three measurements are taken for each child-weight, height, and mid-upper arm circumference (MUAC)-and are recorded together with the child's age and sex. From these data several indicators are created, including weight-forheight (WFH), height-forage (HFA), and weight-forage (WFA), expressed both as percentages of median values and as standard deviation (SD) scores from the international reference population recommended for international use by the World Health Organization. One of the major objectives of this programme is to identify a set of indicators that best reflects changes in nutrition status at low cost and can be collected reliably.
To determine weight, nude or lightly clothed children are weighed to the nearest 0.1 kg on CMS scales (CMS Weighing Equipment, Ltd., 18 Camden High St., London NW1 OJH, UK), which are regularly calibrated against standard weights. Recumbent and supine lengths are measured to the nearest 0.1 cm on a locally constructed two-track length board. The MUAC is measured to the nearest millimetre using TALC numeral insertion tapes (Teaching-Aids at Low Cost, TALC, PO Box 49, St. Labanas, Herts AL1 4AX, UK). The date of birth is seldom accurately known but is estimated to the nearest day for every child by carefully interviewing the mother. A standard technique was developed using the Bengali calendar.
Health status
Four health indicators are used in the NSP: prevalence of diarrhoea, night blindness, acute respiratory infection, and vitamin A capsule distribution coverage. Data on the prevalence of diarrhoea, history of night blindness, and receipt of vitamin A capsules in the previous two or six months are obtained by a history from the mother or adult caretaker of the child. The prevalence of diarrhoea is defined as three or more liquid or semiliquid stools in the last 24 hours. Since August 1991, data have been collected to determine the prevalence of acute respiratory tract infection. The mother or caretaker is asked whether the child has any respiratory tract symptoms at the moment of data collection. Specific questions are asked about the presence of rhinitis, sore throat, cough, difficult breathing, and chest in-drawing. Then the health worker examines the child for any external signs and takes the child's axillary temperature using a digital thermometer. After the child has been quiet and resting for some minutes, the respiratory rate is measured for 30 seconds by one health worker while a second worker checks the exact time by stopwatch. Rapid breathing is defined as over 50 breaths per minute in children 612 months old and over 40 per minute in children 12-59 months old.
Socio-economic status
Socio-economic conditions provide an important indication of the level of welfare generally. The household characteristics most frequently reported in relation to nutrition and health status are education, land size and ownership, income, and occupation. The indicators selected for the NSP are family size; number of children under five years old; occupation of the head of the household; previous week's salary of the main earner for those who are dependent on daily wages or services; years of education of adult household members; type, size, and actual value of the main living house; and amount of agricultural and homestead land owned. A landless household is defined as one with no agricultural land at all.
Distress factors
General indicators of distress are collected at both the village/urban slum and household levels. Data are collected on the occurrence of natural disasters, such as floods, cyclones, crop damage, and drought. In addition, the market prices of rice, wheat flour, lentils, potatoes, unrefined sugar, kerosine, and soya bean oil are recorded. Household-level data include the sale of household assets to fulfil basic needs, which is a late indicator of household distress. These household assets are categorized into four major groups: general household items, jewelry, livestock, and land. A final distress indicator collected at the household level is the frequency of food loans.
Field worker training
From the very onset the NSP incorporated extensive training-both training for the initial implementation of activities and refresher courses throughout the project. The initial training sessions of the data -collection teams were held in March 1990 and were organized into four one-week periods. Separate protocols were designed for the field supervisors and the assistant field officers. The field workers received detailed instructions regarding anthropometric measurements and administering the questionnaire covering socio-economic, distress, and market price information. Emphasis was placed on ensuring that the workers were aware of the objectives and importance of the surveillance system.
In addition to the initial training sessions, field manuals were prepared and printed both in English and in Bengali. Final manuals have been published for anthropometry, and manuals covering other details of the NSP have been projected. Bimonthly refresher training courses were established for field teams, who come to Dhaka to interact with HKI trainers and share experiences from the field. During these sessions, the results of data collection are presented. Problems associated with data quality are shared, and, where necessary, the sources of problems identified and resolved.
Quality control
One of the most important attributes of the NSP is the importance placed on data quality. For each round of data collection, an HKI monitoring team visits the field sentinel points for each NGO. Each team is responsible for two to three NGOS, checking and calibrating equipment, and supervising the data collection and anthropometric measurements. Detailed monitoring check-lists are maintained to verify whether appropriate techniques are being employed for each component of data collection.
In addition, during each round of data collection by the NGOs, a quality control team conducts random, unannounced visits to the sentinel points. The teams select a 5%-10% subsample of the children who have been measured and repeat the measurements the next day. The data collected by the HKI anthropometrist are compared with those of the NGO field worker, and the differences in observations are registered. The average difference for weight, height, MUAC, and age are detailed for each NGO team. The mean error (for each team) and standard deviation (across all NGO field teams) are compared every month for the four measurements. With the exception of the first data-collection round, which was experimental, the accuracy of the measurements has been well within acceptable ranges of variability.
Data analysis
A key component of the NSP is the timely reporting and dissemination of data, which is heavily dependent on appropriate mechanisms for the rapid processing and analysis of data. This has been no small task, given that the data collection involves a number of independent NGOS, each operating in different regions of the country. To facilitate data processing, a standardized data entry/ management software package was developed by HKI, and all data entry operations are undertaken by clerks hired exclusively for the NSP in the field offices of the associated NGOs.
The data entry programmes have a number of quality controls, including validity checks, duplicate detection, and verification procedures, written in FoxPro and provided to each NGO at the time of clerk training, when all programmes were introduced and standardization exercises performed. A series of five data base files is prepared for each round of data collection for each NGO. Once completed, the files are transferred to the HKI office in Dhaka, where they are converted to SPSS system files, from which all analyses are executed.
Once in the central office, the data files are all joined into a single flat file for each round of data collection and are submitted to another series of verification checks to ensure that the proper codings of subdistrict and union identification information have been recorded. If any combination of these codes is incorrect or any other data variables are in error, the data are edited and the NGO teams responsible for the problems are notified.
The prevalence of undernutrition is computed for the various areas using cut-off points for each of the four anthropometric variables. The proportion of children falling more than 2 and 3 SD below the NCHS reference median are computed for each of the three indices, WFH, HFA, and WFA, and the proportion of children with MUAC values below 125 mm is also calculated. Results are presented for each sentinel area for all children between the ages of 6 and 59 months. In addition, the percentage of children receiving vitamin A capsules and the prevalence rates for night blindness, diarrhoea, and acute respiratory infection are tabulated. For each round of data collection, a series of socioeconomic variables is summarized for both the urban slum areas and the rural sentinel sites, including education, salaries, distress sales, and values of sales, food expenses, and food loans. Finally, data on the market prices of four basic foods, rice, wheat flour, lentils, and soya bean oil, are analysed for each of the sentinel points included in the NSP.
Data for other socio-economic characteristics and distress factors are maintained in the analysis files and can be used for special presentations and in supplementary analyses of the causes of undernutrition. After the data have been analysed for the summary reports, the labelled files are stored on high-density diskettes in a series of catalogued boxes.
Reports
Every two months a report is compiled on the data collected from the previous round. From 1992, interested organizations have been sent a summary paper that highlights the key findings. Organizations and interested individuals who would like further information can contact HKI for more detailed results. Figure 1 shows the results of the quality control measurements on weight and height over the last 22 rounds. In earlier stages of the project, certain teams were identified as having larger mean errors for some measures relative to the other teams. However, these problems were quickly identified, and measurements improved in subsequent rounds. The later rounds had a few individual NGO data quality problems that were quickly noticed and rectified. This experience underscores the importance of maintaining continuous data quality exercises over time to ensure the quality of the results.
Results
The following results are examples of what the system has been able to accomplish since 1990.
FIG. 1. Mean errors in weight and height data (differences between NGO data and HKI quality control measurements),
June 1990-December 1993 Figure 2 shows the malnutrition rates measured by WFA less than -2 SD, in comparison with changes in rice prices over the past four years. The seasonal pattern in rice prices reflects the drop after the aman harvest in December and the bore harvest in June. Furthermore, the trend over the four years shows a steady increase of the price after the June results until June 1992, when the bore harvest was very good and as a result there was a free fall of the rice prices until June 1993. The malnutrition rates show a similar pattern. The seasonal pattern means that the rates of malnutrition are highest in October, just before the aman crop, and lowest in February, just after the harvest. The trend over time follows the trend of the rice prices, but a little bit more slowly. The malnutrition rates increased in the first three years but dropped to a level below that at the start of the surveillance.
The nutrition status of a population can be described by a normal distribution curve, which is mathematically expressed in terms of mean and SD. This method has the advantage of describing the nutrition status of the entire population directly without resorting to a subset of individuals below a set cut-off [10] . We found that the change in the food prices not only changed the percentage of malnourished children but was responsible for a shift to the right of the nutrition status of the whale population. The difference in the mean of WFA between June 1992 and June 1993 is 0.25 SD, which is the reflection of a drop in the price of rice from 12 to 8 take. Figure 3 shows the WFA means for the various rural subdistricts between June 1990 and August 1994. Regional and programmatic variations within Bangladesh became apparent. The ICDDR,B has had a community health programme in the Matlab intervention area for the last 20 years. The difference of 0.10 SD between the Matlab area and Daudkhandi, its control area, which are adjacent to each other, can be considered as the impact of a health intervention on nutrition in Bangladesh. Figure 4 shows the mean of WFA by month for the five socio-economic groups in the rural areas. Rural Bangladesh can be divided into five groups based on land ownership: landless (41.5%), marginal (00.5 acres, 15%), small (0.51-2.50, 29%), medium (2.51-5.0, 9%), and large (<5.0, 5.5%). The structure of farms in Bangladesh is such that farmers (56.4% of the total rural population) are both producers and consumers of rice. The International Food Policy Research Institute has shown that only the medium and large farmers (14.4% of the total rural population) produce surplus rice in both good and bad years [11, 12] . About 90% of the marketable surplus is produced by these groups, who can be called net producers in the neoclassical framework of price analysis [11, 12] . This means that 85.5% of the rural population are net purchasers of food grains. Although the nutrition status of the higher socio-economic groups is better (0.5 SD), their children are nevertheless faltering between the ages of 6 and 12 months, with more than 1 SD. Although the lack of good-quality weaning food, the high rate of infectious diseases, and extremely poor nutrition status of the mothers are important contributory factors, poor caring practices must play a crucial role in the aetiology of this phenomenon. 
Discussion
The success of a surveillance project depends on the goal of the surveillance system [13] . In Bangladesh general development is hampered by poor socio-economic conditions and recurrent disasters. Although the surveillance system was set up to monitor and evaluate multisectoral development, it had to have an early warning component to respond to both natural disasters and economic stress related to structural adjustment.
Since nutrition is an outcome of several components (e.g., food security, health, caring practices), the project was designed to collect information to quantify the relative importance of the various components during certain seasons or years. Many obstacles stood in the way of implementing a successful nutrition surveillance system. First, the technicians and information experts involved in surveillance are not the decision makers. Furthermore, it was difficult to ensure that the surveillance data would be accessible to policy makers and the information would be useful in improving the delivery of health services because of a number of factors, such as incomprehensible output, lack of timely information, and misunderstanding of information needs at different levels.
FIG. 4. Underweight (mean weight-for-age Z-scores) by age and household land-ownership, June 1990-August 1994
The NSP was set up as a decentralized system, taking into account the pitfalls of previous nutrition systems. One important characteristic of the project is the involvement of NGOs in the surveillance activities, which are instrumental in assisting the government to provide preventive and therapeutic services to communities. Most of the NGOs have an integrated, communitybased approach toward development activities. The data generated by the NSP provide them with rapid information concerning health and nutrition status in the communities where they are active, thereby greatly improving their familiarity with general conditions and providing a sensitive indication of changes occurring over time so that responses can be taken at the local level. Furthermore, the project greatly increases the general awareness among the NGOs and donors of both the magnitude and distribution of various indicators, which leads to rapid decisions and actions. Recognizing that a disadvantage of a bottom-up approach is the difficulty of guaranteeing the quality of the data collected, the NSP has concentrated on technical improvements in data collection, processing, and analysis.
Data are collected and reports produced at regular two-month intervals and more frequently during disaster periods, providing a continuous assessment of whether conditions are stable, deteriorating, or improving. Information is also produced on a regular basis for decision-making at the policy or programme level. The NSP is designed so that the information that is produced is relevant to Bangladesh and is meaningful to officials and programme staff at all levels as well as to the lay people. It is well known that assessing the nutrition status of children 6-59 months old is the best means of rapidly estimating the degree of distress in a community. The specific measures selected for use in the NSP are relatively easy to obtain, can be highly standardized, and are sensitive indicators of food availability and predictors of childhood mortality.
The NSP has demonstrated the capability to respond quickly to the unexpected needs of users brought about by special circumstances. HKI extended surveillance activities to coastal areas devastated by the 29 April 1991 cyclone. Special teams were rapidly recruited and trained to carry out continuous monitoring in the area, using key indicators that provided information for establishing effective allocation of relief and food aid. During this period, the NSP produced weekly reports that were distributed to NGOs, donors, the government of Bangladesh, and other groups involved in the relief efforts, so that each could be aware of changes occurring in the area.
Besides those elements of NSP projects, the strength of the system is that it is able to link macro-economic information (food prices, vitamin A capsule delivery, floods) with micro-economic information. The results discussed here are good examples of what the system has been able to accomplish in the past four years.
Although most experts agree that nutrition status is an outcome of food security, health, and caring practices, many debate the relative importance of these components. As mentioned earlier, describing a population by its normal distribution curve, mathematically characterized by the mean and standard deviation, is a good approach to describe the entire population. This way of describing the data not only points to those below the cutoff but shows that a whole population is affected. The NSP has quantified some of the additional value of these components using the means and standard deviations of certain anthropometric indicators [11] .
These indicators help in making effective decisions. The in-depth analysis of the impact of rice prices on malnutrition helped the Ministry of Food to make decisions on several issues concerning food aid and food subsidies. A recent analysis of the effectiveness of the vitamin A capsule programme led the Ministry of Health to change the distribution schedule to make the programme more effective. Analyses of family size and gender issues were and are being used by both the government and NGOs in their preparations for the United Nations conferences on population (Cairo, 1994) and women (Beijing, 1995) [14, 15] .
In the past four years the NSP has developed into a useful tool for policy makers at the grass-roots as well as the national level. In the next six years the challenge to the NSP will be to institutionalize itself in a way such that both the private sector in the form of NGOs and the government of Bangladesh can participate and benefit from it equally.
